CE 418.3 


Midterm Exam 2005 


Solutions 


0- 

Question 1: 



Given: f c :=30MPa f y := 400-MPa E s := 200000-MPa e cu := 0.003 

- Beam dimensions: h:= 550 mm b := 300 mm cc := 30 mm d st := 10 mm 

2 2 
n bar := 4 d b := 25 mm A sbar (d b ) = 500 mm" A s := n bar -A s bar (d b ) A s = 2000 mm" 

Solution: 

- Effective depth "d": d := h - (cc + d st ) - 0.5-d b d = 497.5 mm 

- Location of n.a. C c = T Assume steel yields f s = f y 

C c = 0.5-(0.9-f c )-[(0.3-c + 0.6-c)-b] T = A s -f y 


0.5-(0.9-f c )-[(0.3-c + 0.6-c)-b] = A s -f y 


A s -f y 

c := - c = 219.5 mm 

0.405-f c -b 


- Check yielding: 


^d — c A 


£r 


= 0.0038 


e y 


e y = 0.002 


= 1.9001 


Nominal moment resistance: 


Lower triangle: C c i := 0.5(o.9-f c )-[(0.6-c)-b] 


f 


jd i := d- 


1 


A 


0.3-c H-0.6-c 

V 3 7 


- OK, steel yields 


C c i = 533.33 kN 
jdj = 387.8 mm 
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C c2 := 0.5(0.9-f c )-[(0.3-c)-b] 


jd 2 := d - 


f 2 A 

—0.3-c 
V 3 J 


Check: 

T := A s fy T = 800 kN 

T - (C c i + C c2 ) = 0 kN OK 


C c2 = 266.67 kN 
jd 2 = 453.6 mm 


m T = o 

M„i 

O c pjdj 

M nl = 206.81 kN-m 


Mn2 

:= C c2 -jd 2 

M n2 = 120.96 kN-m 


M n := M nl + M n2 M n = 327.8 kN-m 
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Solutions 


0 - 

Question 2: 



Not to scale 


(j) c :=0.65 (j) s := 0.85 


Given: f c :=25-MPa f y := 500-MPa E s := 200000-MPa £ cu := 0.0035 

- Beam dimensions: h:= 600-mm b w := 250 mm h F := 125 mm 

cc := 60-mm cc' := 100-mm 


n bar := 3 

d F := 35 mm 

2 

A s _bar(db) = 1000 mm - 

A s : 

— n Far - A s _ Far (dij) 

A s : 

n bar' := 2 

d'ij := 15-mm 

2 

A s _bar(d'b) = 200 mm - 

A's 

:= n bar"As_bar(d b) 

A s 

Solution: 

fc 

ai = 0.8125 (31 := 


fc 

Pi = 

ai := 0.85 - 

0.0015 - 

0.97 

- 0.0025 - 

MPa 


MPa 


- Effective depths : d:=h-cc d= 540 mm d' := cc' d'= 100 mm 

f y 

£ y :=— £ y = 0.0025 

£ s :=2.5-£ y £ s = 0.0063 

£ cu £ s 
c d - c 

d 

c := e cu’7-r c = 193.85 mm 

( e cu + £ s) 

a := (3 pc a= 175.92 mm 


- Location of n.a. 
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Strain in compressive reinforcement 

( c — d' ^ 


£ c .— £p 


v 


e' s = 0.00169 


J 


f s := e' s -E s f s = 338.89 MPa 


Required flange width: 

- Area of steel to balance compression steel: 

'f’s'Asl'fy = A s -(<)> s -f s — <t>c-«l-fc) 

Ms — fc'CI I 'fc) 2 

Asl := A s - - --- A sl = 258.7 mm 

(4*8 ’ fyj 

- Area of steel to balance concrete compression in web: 

< ! , s'As2'fy = (<t>c-«l- f c)-( a 'bw) 

b w ? 

A s2 := <> c -0Cif c -a- 7 -r A s2 = 1366.3mm" 

(<t>sfy) 

- Remaining steel area to be balanced by concrete compression in flanges: 

A S 3 := A s - Asl - A s2 A s3 = 1375.06 mm" 


^s'AsS'fy = (<t , c' 0c l'fc)'|]hF-(2-bp)j| 

1 fy 

bF := T-<i , s-As3-7-r bp= 177mm 

2 (<j> c -a r f c -h F ) 
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0 


Question 3: 


<)> c :=0.65 (j) s := 0.85 aj> := 1.25 cxl:= 1-5 y c := 2400 


P D = 15 kN 
P, = 25 kN 


w D = 10 kN/m w, = 20 kN/m 


I 

0 


400 


6000 


400 2000 


kg 


m 


1^ 


o 

o 

in 


Beam 

Section 


Given: f c : = 30-MPa 

- Beam dimensions: 


f y := 400-MPa E s := 200000-MPa e cu := 0.0035 

h:= 500 mm b := 350 mm cc := 30 mm d st := 10 mm 
b SU p := 400 mm l n i := 6000 mm l n 2 := 2000 mm 


- Superimposed loading: 


kN 


wp) := 10- 

m 


kN 

wl := 20- 

m 


P D :=15 kN P L := 25-kN 


Solution: 


ai := 0.85 - 0.0015- 

MPa 


ai = 0.805 


Bi := 0.97- 0.0025- 

MPa 


Pi = 0.895 


- Balanced Reinforcement Ratio: 


Pb := 


4>c-ai-fc-P l 


^s'fy 


^ 700 ^ 


700 + 
V 



- Effective depth: Assume d b := 30 mm d := h - (cc + d st ) - 0.5-d b 


p b = 0.0263 


d = 445 mm 


Factored loading: 

Self weight: w Dsw := (b-h)-(y c -g) 

wf := a D (w Dsw + w D ) + a L w L 

Pf := cxpi Pp + a L P L Pf = 56.25 kN 

Simple span lengths: 

L| := lnl + 2(0.5-b SU p) Li = 6.4 m L 2 := l n 2 + 0.5-b SU p L 2 = 2.2 m 


w Dsw — 4.12 - 


kN 


^ kN 
wf = 47.65 — 
m 


Solutions 
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FBD: 



ZM l = 0 


wf-- 


( L 1 + l 2 )" 


p f( L l + L 2 ) - Rr Lf = 0 


( L 1 + l 2 ) 2 , , 

wf---+ Pf(L] + L 2 ) 


Rr := 


Li 


Rr = 350.9 kN 


XF V = 0 Rr — Wf-(Lf + L 2 ) + Rr — Pf = 0 
Rl ; = wf-Li + wf -L 2 - Rr + Pf 


R l = 115.12kN 


Shear Diagram: 


V f (x) := 


Rr — wf-x if x < Lj 


Rr - wf-x + Rr otherwise 


x:= 0.0 mm, 1 mm.. Lf + L 2 


Vf(O-m) = 115.12kN 
V f (L!) = -189.83 kN 
V f (L! + 1mm) = 161.03 k>. 
V f (L! + L 2 ) = 56.25 kN 


0 2 4 6 8 

x 



Moment Diagram: 


M f (x) := 


Rr x - 0.5wf-x^ if x < Lj 

Rr-x - 0.5wf-x“ + Rr (x - L]^) otherwise 


Location of maximum moment: 


Rl 

x max x max — 2.416 m 

Wf 
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M r 

K r := - K r = 2.01 MPa 

b-d 2 


Mf(x max ) = 139.07 kN-n- 


Mf(Lj) = -239.06 kN •m 


Ppos :— 


<t>c' ^ 1 'f c 



V 



2K r -(j) c -aif c j 


(fy'^s) 


Ppos — 0.00634 


i 

A s pos := Ppos'b-d A s _ pos = 986.9 mm" < balanced - OK, steel yields 

Tty: n bar :=2 d b := 25 mm A s := n bar -A s bar (d b ) A s = 1000 mm" 

Check beam width: aggregate := 20-mm 

Clear spacing: Sl := 1.4-d b si = 35mm <— Governs 

52 := 1.4• aggregate S2=28mm 

5 3 := 30-mm 

s := si 

b re q := 2-(cc + 10 mm) + n bar -d b + (n bar - l)-s b re q = 165 mm < b = 350 mm OK 


Check minimum steel area: 


Asmin 0.2-MPa - 


MPa 


-b-h 


A smin = 479 mm' 


Therefore, use 2 N a 25 bars for positive reinforcement 


OK 
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Solutions 


- Negative reinforcement: M r :=|Mf(Li)| M r = 239.06kN-m 


M r - (|) S -A S -fy 


'd-i' 

V 2 J 


Also: C c = T 


- 2 unknowns (A s and a) 
<t> c -ai-f c -a-b = (j) S 'A S 'fy 


a = <j> s -A S ' 


(<t> c -«rf c -b) 


M r - (|) S -A S -fy' 


d- <j) s -A s - 


2(<t> C ' <x l'f C 'b) 


,2 2 2 2 2 

d*(|) c *oci*f c *b — I d -<|> c aj f c b - 2-M r -()) c -ai-f c -b 


iT 

2 J 


x s_neg ~ 


(fy'^s) 


A s neg = 1807.1 mm <-- Required steel area for negative reinfocement 


Pneg :— 


As_neg 

bd 


Pneg = 0.0116 < balanced - OK, steel yields 


Try: ^^-=4 dt,:=25-mm 


As n bar'A s _bar(db) 


A s = 2000 mm 


Check beam width: aggregate := 20 mm 

Clear spacing: Sl := 1.4-d b si = 35mm <— Governs 

5 2 := 1.4 • aggregate S2=28mm 

5 3 := 30-mm 

s := si 

b re q := 2-(cc + 10 mm) + rnj ar -dij + (ni, ar - l)-s b re q = 285mm < b = 350 mm OK 

9 

Check minimum steel area: A sm j n = 479 mm OK 

Therefore, use 4 No. 25 bars for negative reinforcement 
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